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CURRENT PROGRESS I N  
COAL-WATER SLURRY BURNER DEVELOPMENT 

INTRODUCTION 

There has been s i g n i f i c a n t  i n t e r e s t  i n  r e c e n t  yea rs  i n  development o f  domest ic f u e l s  
which cou ld  d i s p l a c e  those p r e s e n t l y  impor ted  by U.S. i n d u s t r y .  
q u a n t i t y  o f  f u e l  consumed by the  e l e c t r i c  power genera t i on  i n d u s t r y ,  much o f  t h i s  
i n t e r e s t  has been focused on f u e l s  t o  rep lace  o i l  and gas combusted i n  e x i s t i n g  u t i l i t y  
b o i l e r s .  Many o f  these e f f o r t s  have focused on t h e  use o f  coa l  as t h e  replacement fue l  
s ince  i t  i s  t h e  Un i ted  S t a t e s '  most abundant f o s s i l  f u e l .  

Because of t h e  l a r g e  

U n l i k e  o i l ,  coa l  cannot  be e a s i l y  n o r  i nexpens ive l y  r e f i n e d  i n t o  a c o n s i s t a n t  d e f i n a b l e  
fue l .  Every coa l  t y p e  i s  d i f f e r e n t  i n  combust ib le  p r o p e r t i e s  as w e l l  as m ine ra l  m a t t e r  
con ten t  and composi t ion.  
s i g n i f i c a n t l y  i n f l u e n c e  t h e  de te rm ina t ion  o f  a p a r t i c u l a r  c o a l ' s  success fu l  a p p l i c a t i o n  
as a replacement f u e l  i n  an e x i s t i n g  u t i l i t y  b o i l e r .  
depends on severa l  o t h e r  key economic f a c t o r s  as w e l l ;  b o i l e r  d e r a t i n g ,  d i f f e r e n t i a l  
fue l  savings between t h e  p r e s e n t l y  used f u e l  and the  cand ida te  a1 t e r n a t e  f u e l ,  and 
l a s t l y ,  t he  r e s u l t i n g  payback p e r i o d  over  which t h e  u t i l i t y  must amor t i ze  t h e  c o s t  o f  
c o n v e r t i n g  t o  the  new f u e l .  

F i  u r e  1 shows t h e  r e l a t i o n s h i p  o f  these economic parameters. I f  one cons ide rs  seven 
(77  yea rs  a reasonab le  payback pe r iod ,  F igu re  1 i l l u s t r a t e s  t h a t ,  w i t h  r e a l i s t i c  u n i t  
d e r a t i n g s  o f  up t o  25%, a d i f f e r e n t i a l  f u e l  c o s t  o f  between $1.00 and $2.00 p e r  m i l l i o n  
BTU's must be ach ieved t o  make convers ion  economic. T h i s  d e l i c a t e  economic ba lance i s  
t h e  ve ry  reason u t i l i t i e s  have Seen slow t o  accept  c o a l / o i l  s l u r r i e s  as a v i a b l e  
a l t e r n a t i v e  t o  o i l  a lone. 
t h e  nominal  coa l  p r i c e  a t  $2.00/1.1MBTU, and t h e  p r a c t i c a l  amount o f  coa l  t h a t  can be 
m ixed  w i t h  o i l  l i m i t e d  t o  about  50% on a mass bas i s ,  t h e  raw produc ts  a lone a r e  about 

i n  c o s t ,  many u t i l i t i e s  are u n w i l l i n g  t o  r i s k  convers ion  o f  o p e r a t i n g  u n i t s  t o  t h i s  new 
f u e l .  

Because o f  t he  marg ina l  economic i n c e n t i v e  o f  c o a l / o i l  s l u r r i e s ,  i n t e r e s t  has s h i f t e d  t o  
a r e l a t i v e l y  new p o t e n t i a l  convers ion  fue l - coa l /wa te r  s l u r r y  (CWS). Coa l /water  s l u r r i e s  
have t l i e  d i s t i n c t  advantage o f  r e q u i r i n g  no o i l  and t h e r e f o r e  the  p o t e n t i a l  d i f f e r e n t i a l  
i n  f u e l  cos t  over ope ra t i on  on o i l  a lone can be much g r e a t e r  t han  t h a t  w i t h  c o a l / o i l  
s l u r r i e s .  Coal /water s l u r r i e s  have severa l  p o s s i b l e  t e c h n i c a l  l i m i t a t i o n s ,  however, 
which must be r e c o n c i l e d  b e f o r e  they  can be cons idered as a v i a b l e  replacement f o r  o i l  
o r  gas i n  u t i l i t y  b o i l e r s .  

Un fo r tuna te l y ,  these a r e  two key parameters which 

Success fu l  a p p l i c a t i o n  a l s o  

Wi th  t h e  nominal  c o s t  o f  o i l  a t  approx imate ly  $6.00/FIMBTU and 
\ 

c $4.00/MMBTU w i t h o u t  any a l lowance f o r  s l u r r y  p repara t i on .  W i th  t h i s  narrow d i f f e r e n t i a l  

One o f  t h e  concerns wh ich  must be addressed i s  t h e  development o f  an a tomizer  t h a t  w i l l  
p r o p e r l y  atomize t h i s  new f u e l .  A problem t h a t  t h e  a tomize r  development eng ineer  faces  
i s  t h a t  most CWS f u e l s  under development today  have been des igned t o  maximize coa l  
con ten t  and f u e l  s t a b i l i t y  ( i . e . ,  m i n i m i z a t i o n  o f  s e t t l i n g ) .  
t r a n s p o r t a t i o n  s tandpo in t  t h i s  approach makes sense b u t  r e s u l t s  i n  a f u e l  which maybe 
v iscous ,  and t h e r e f o r e  d i f f i c u l t  t o  e f f e c t i v e l y  atomize. 
economica l l y  atomized i t  w i l l  n o t  be a v i a b l e  commercial f u e l .  There fore ,  t he  
successful  CWS f u e l s  w i l l  have t o  have bo th  acceptab le  s to rage  s t a b i l i t y  and r h e o l o g i c a l  
p r o p e r t i e s  t o  p e r m i t  good a tomiza t i on  w i t h  r e a l i s t i c  l e v e l s  o f  a tomiz ing  a s s i s t  f l u i d .  

Other  concerns, i n  a d d i t i o n  t o  r h e o l o g i c a l  f u e l  p r o p e r t i e s ,  a r e  f u e l  i g n i t i o n  and 
warm-up requirements,  burner  s t a b i l i t y  and turn-down, and carbon convers ion  and thermal 
e f f i c i e n c i e s .  Most CWS t e s t i n g  t o  da te  has been i n  smal l  l a b o r a t o r y  f a c i l i t i e s  o f  1 t o  
4 MMBTU/hr and, i n  genera l ,  r e s u l t s  have been poor,  compared t o  t h a t  wh ich  must be 
ach ieved i f  CWS fue ls  a re  t o  be accepted as a v i a b l e  replacement f u e l  by u t i l i t i e s .  
Tes t  furnaces have r e q u i r e d  ex tens i ve  preheat ,  burner  turn-down has been ex t remely  
l i m i t e d  and carbon convers ion  e f f i c i e n c i e s  have, a t  bes t ,  been i n  the  h i g h  80% t o  mid 
90% range(1,Z J). 

From an economics and 

I f  a s l u r r y  cannot be 
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I n  a d d i t i o n  t o  these p o t e n t i a l  problems w i t h  CWS combust ion,  F igu re  1 i n d i c a t e s  t h a t  
u n i t  d e r a t i n g  can p l a y  a s i g n i f i c a n t  r o l e  i n  d i c t a t i n g  the  success o f  a f u e l  conversion. 
Fo r  t h i s  reason coa ls  t o  be used f o r  CWS's must e i t h e r  be c a r e f u l l y  se lec ted  on the  
b a s i s  of t h e i r  o r i g i n a l  ash c h a r a c t e r i s t i c s  o r  t hey  must be b e n e f i c i a t e d  ( i . e . ,  cleaned 
of minera l  m a t t e r )  t o  min imize  fu rnace  s l a g g i n g / f o u l  i n g  and e ros ion  such t h a t  
s i g n i f i c a n t  b o i l e r  d e r a t i n g s  w i l l  n o t  be encountered. 

CWS BURNER DEVELOPMENT 

T h i s  paper i s  a p rogress  r e p o r t  on a j o i n t  program between Combustion Eng ineer ing  (C-E) 
and the  E l e c t r i c  Power Research I n s t i t u t e  (EPRI) t o  deve lop  and demonstrate a commercial 
s c a l e  CWS bu rne r  wh ich  meets reasonab le  commercial success c r i t e r i a .  As such, a burner 
i s  p r e s e n t l y  be ing  developed wh ich  meets t h e  f o l l o w i n g  c o n s t r a i n t s :  

1. Permi ts  i g n i t i o n  i n  a c o l d  fu rnace  w i t h  conven t iona l  i g n i t i o n  equipment. 

2. Operates s t a b l y  ove r  a 4 t o  1 turndown range w i t h o u t  supplemental  i g n i t i o n  f u e l .  

3. Employs f u e l  and a tomiz ing  media p ressures  t h a t  a re  o b t a i n a b l e  w i t h  commercial ly 
ava i  1 ab1 e equipment. 

4. Requires a tomiz ing  media t o  f u e l  mass f low r a t i o s  s i m i l a r  t o  those used f o r  o i l .  

5. Produces carbon convers ion  e f f i c i e n c i e s  comparable w i t h  o i l  ( i . e . ,  h i g h  90% range) 
a t  accep tab le  excess a i r  l e v e l s  ( i . e . ,  20-30%) and reasonab le  a i r  p reheat  
temperatures ( i . e . ,  250 t o  400°F) ove r  t h e  f u l l  l oad  range o f  t he  burner .  

To achieve these goa ls  C-E  i s  u s i n g  a p roven t h r e e  s tep  f i r i n g  system development 
approach. 

1. Development o f  a CWS a tomize r  u s i n g  C-E's A tomiza t i on  Tes t  F a c i l i t y .  

2. Development o f  an aerodynamica l l y  sound bu rne r  r e g i s t e r  us ing  C-E's Burner  Modeling 
Faci  1 i ty  . 

3. I n t e g r a t i o n  o f  t h e  developed a tomize r  and bu rne r  r e g i s t e r ,  and o p t i m i z a t i o n  o f  the  
CWS f i r i n g  sys tem's  combust ion performance a t  a commercial f i r i n g  sca le  o f  
80/MMBTU/hr i n  C-E's F u l l  Sca le  Burner  Tes t  F a c i l i t y .  

T h i s  paper does n o t  c o n t a i n  a l l  combust ion da ta  which was s t i l l  be ing  ana lyzed a t  the  
t i m e  t h i s  paper was prepared; t he  combust ion da ta  i s ,  t h e r e f o r e ,  p r e l i m i n a r y .  

FUEL PREPARATION AND CHARACTERIZATION 

The f u e l  r e q u i r e d  f o r  t h i s  development program was donated by Advanced Fue ls  Technology 
(AFT), a G u l f  and Western Company. The coa l  used was a C l e a r f i e l d  County, Pennsylvania 
b i tuminous ,  se lec ted  by E P R I .  
s l u r r y  p repara t i on ,  a t  EPRI's Coal C lean ing  Tes t  F a c i l i t y  i n  Homer City, Pennsylvania.  
A s i m p l i f i e d  f l o w  schematic o f  t he  c l e a n i n g  process used i s  shown i n  F igu re  2, and the  
a n a l y s i s  o f  t h e  c leaned coa l  i s  shown i n  Tab le  1. 

Coal t o  be c leaned by EPRI's t e s t  f a c i l i t y  i s , , i n i t i a l l y  crushed t o  a nominal  3/4" x 0 
s i z e  and then  processed th rough  a m u l t i s t a g e  des l im ing  screen".  The f i r s t  sc reen ing  
s tage removes ove rs i zed  m a t e r i a l  (+3 /4" )  f rom the  process steam. The second s tage 
removes c o a l  wh ich  i s  of  a 3/4" x 28 mesh s i z e .  T h i s  i s  t h e  main process steam. 
Separated m a t e r i a l  (+3/4" and -28 mesh) i s  c o l l e c t e d  i n  a re fuse  p i l e  f o r  f u t u r e  
independent t rea tment .  
"heavy media cyc lones"  fo l l owed  by  a " s ieve  bend & screen" t o  separa te  the  c lean  coal  
from the  re fuse  p o r t i o n .  
d i f f e r e n c e s  between t h e  coa l  (wh ich  i s  r e l a t i v e l y  l i g h t )  and the  h i g h  m ine ra l  ma t te r  

The r e q u i r e d  coa l  was cleaned, p r i o r  t o  t e s t i n g  and 

The main coa l  stream i s  then  processed th rough two s tages  o f  

The separa t i on  p r i n c i p l e  i s  based on t h e  mass d e n s i t y  
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f r a c t i o n s  (wh ich  a r e  r e l a t i v e l y  heavy).  
passed th rough a "basket  c e n t r i f u g e "  t o  be p a r t i a l l y  dewatered. 
i s  considered "c leaned".  I t  i s  metered by a weigh b e l t  and i s  passed t o  a s to rage  p i l e .  

The h i g h  ash re fuse  ob ta ined  f rom t h e  separa t i on  processes i s  c o l l e c t e d  i n  a re fuse  p i l e  
f o r  d i sposa l  and/or  f u t u r e  reprocess ing .  
and cleaned coa l  streams, and c o l l e c t e d  f o r  reuse. 
genera t i ng  a very l ow  ash coa l  f o r  t h i s  t e s t i n g  program, r e f u s e  m a t e r i a l  was n o t  
reprocessed and combined w i t h  t h e  i n i t i a l l y  c leaned main coa l  stream as would be the  
normal procedure. 

I n  a l l ,  approx imate ly  150 tons  o f  c leaned coa l  were prepared f o r  t h i s  program. 
Approximately 40 tons  o f  t h e  c leaned coa l  was reserved f o r  base coa l  t e s t i n g  t o  
e s t a b l i s h  a meaningful  re fe rence  base f o r  comparison t o  CWS combust ion performance. 
balance of  t he  coa l  (app rox ima te l y  110 tons )  was processed, by  AFT, i n t o  a nominal 70% 
SO1 i d s  CWS of predetermined s p e c i f i c a t i o n s .  
by C-E and AFT t o  assure  t h e  maximum p r o b a b i l i t y  f o r  combust ion success th rough c a r e f u l  
a t t e n t i o n  t o  overs ized p a r t i c l e s  and m i n i m i z a t i o n  o f  f u e l  v i s c o s i t y .  
s p e c i f i c a t i o n s  are  presented  i n  Tab le  2 w i t h  an a n a l y s i s  cjf t h e  produced CWS. 
schematic o f  AFT'S CWS prepara t i on  system i s  shown i n  F igu re  3. 

F igu re  4 shows a t y p i c a l  v i s c o s i t y  p r o f i l e  o f  t h e  CWS which was ob ta ined  us ing  a Haake 
Rotov isco  viscometer.  As can be seen i n  F i g u r e  4, t he  CWS e x h i b i t e d  Newtonian t o  
s l i g h t l y  pseudop las t ic  behav io r  ( i . e . ,  v i s c o s i t y  remains cons tan t  o r  decreases s l i g h t l y  
w i t h  i n c r e a s i n g  shear r a t e ) .  From an a tomiza t i on  s tandpo in t ,  p s e u d o p l a s t i c i t y  i s  
d e s i r a b l e  s ince  the  v i s c o s i t y  decreases a t  t h e  h i g h  shear r a t e s  encountered w i t h i n  the  
atomizer.  A Newtonian behav io r  i s  a l s o  acceptab le  s ince  t h e  v i s c o s i t y  remains cons tan t  
w i t h  i n c r e a s i n g  shear r a t e .  
inc reases  w i t h  i nc reas ing  shear  r a t e  and would l e a d  t o  poor a tomiza t i on .  

I t  i s  impor tan t  t o  no te  t h a t  i n  o rde r  f o r  CWS t o  a t t a i n  commercial acceptance, a b a l a v w  
must be achieved between t h e  h i g h  s t a t i c  v i s c o s i t y  r e q u i r e d  f o r  t r a n s p o r t  and s to rage 
s t a b i l i t y  and the  r h e o l o g i c a l  p r o p e r t i e s  r e q u i r e d  f o r  a t o m i z a t i o n  and combustion. Also,  
r i g i d  c o n t r o l  o f  p a r t i c l e  t o p  s i z e  and s t r i n g e n t  q u a l i t y  c o n t r o l  by  t h e  s l u r r y  
manufacturers i s  necessary t o  i n s u r e  a c o n s i s t a n t  supp ly  o f  usab le  CWS. 

FUEL SHIPPING, STORAGE AN0 HANDLING 

A f t e r  pass ing  th rough  these s teps  t h e  coa l  i s  
A t  t h i s  p o i n t  t he  coa l  ', 

Process f l u i d s  a re  separa ted  f rom t h e  r e f u s e  
', Fo r  t h e  s p e c i a l  purpose o f  

The 

These s p e c i f i c a t i o n s  were developed j o i n t l y  

The developed f u e l  
A 

O i l a t e n t  behav io r  i s  n o t  accep tab le  s i n c e  t h e  v i s c o s i t y  

\ 

\ The CWS prepared by  AFT was shipped t o  C-E's K r e i s i n g e r  Development Labora to ry  (KDL) a t  
Windsor, Connect icu t  i n  convent iona l  p r e s s u r i z a b l e  tanke r  t r u c k s .  A l though t h e  tanke rs  
used had vo lumet r i c  c a p a c i t i e s  o f  approx imate ly  6500 g a l l o n s ,  f i v e  tanke rs  were needed 
t o  t r a n s p o r t  t h e  r e q u i r e d  21,000 g a l l o n s  o f  s l u r r y  because each was l i m i t e d  t o  a 
capac i t y  o f  o n l y  about 4,200 g a l l o n s  due t o  t h e  l e g a l  over - the- road we igh t  l i m i t  o f  
45,000 l b s .  
r e s p e c t i v e l y .  

C-E's A l t e r n a t e  Fuels Hand l ing  F a c i l i t y  (AFHF) i s  shown schemat i ca l l y  i n  F igu re  5. 
f a c i l i t y  i s  comprised o f  a 15,000 g a l l o n  s to rage  tank ,  a 2500 g a l l o n  day tank, an 
homogenizer and severa l  pumps, f i l t e r s  and heaters  con f igu red  t o  hand le  s l u r r y - t y p e  
f u e l s .  F igu re  6 shows the  arrangement o f  those components o f  t h e  AFHF s p e c i f i c a l l y  
u t i l i z e d  f o r  t h e  CWS t e s t i n g  program. 

P re l im ina ry  t e s t i n g  i n d i c a t e d  t h a t  t h e  tanke r  t r u c k s  c o u l d  be e f f e c t i v e l y  unloaded two 
ways. A 
T u t h i l l  model 120A pump was used and p e r m i t t e d  un load ing  t o  t h e  AFHF 15,000 g a l l o n  
s to rage tank  a t  a r a t e  of  12-15 gpm. The second procedure,  wh ich  was used f o r  t he  
balance o f  t he  r e q u i r e d  un load ing ,  was t o  by-pass t h e  pump and un load t h e  f u e l  by 
p r e s s u r i z i n g  t h e  tanke r  t o  30 p s i g .  
average r a t e  o f  50-70 gpm, o r  1-14 hours  p e r  4,200 g a l l o n  t a n k e r  load.  

Photographs 1 and 2 show a tanke r  t r u c k  a r r i v i n g  a t  C-E and be ing  unloaded, 

T h i s  

One manner was by  pumping the  CWS f r om t h e  tanke r  i n  an unpressur ized  s ta te .  

A t  t h i s  p ressure ,  t h e  tanke rs  were unloaded a t  an 
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As was p r e v i o u s l y  ment ioned, a t o t a l  o f  f i v e  tanke r  t r u c k  l oads  o f  CWS were rece ived  f o r  
t h e  t e s t  program. 
s p e c i f i c a t i o n  ( s e e  Tab le  2 )  and appeared t o  m a i n t a i n  s to rage s t a b i l i t y  and s l u r r y  
u n i f o r m i t y  over a p e r i o d  o f  seve ra l  weeks w i t h  o n l y  occas iona l  r e c i r c u l a t i o n  us ing  the  
T u t h i l l  pump. 
a tomizer  development phase wh ich  w i l l  be d iscussed l a t e r .  

These were some o f f -spec .  changes i n  t h e  t h i r d  t a n k e r  shipment o f  f u e l  which a f f e c t e d  
r h e o l o g i c a l  p r o p e r t i e s  o f  p r e v i o u s l y  sh ipped f u e l  as w e l l  as the  f o u r t h  tanke r  l o a d  o f  
CWS f u e l .  
c i r c u l a t i o n  a t  C-E p e r m i t t e d  t e s t i n g  t o  cont inue.  The l a s t  t anke r  o f  f u e l  was 
s i g n i f i c a n t l y  h i g h e r  i n  v i s c o s i t y  t h a n  t h e  p rev ious  f u e l  batches; t h i s  r e q u i r e d  h igher  
f u e l  supply pressures t o  ach ieve  t h e  same mass f l o w  r a t e s  as the  p rev ious  f u e l  
s h i pment s . 

The i n i t i a l  two t a n k e r s  rece ived  con ta ined  CWS o f  p roper  

A p o r t i o n  o f  t h e  f u e l  f rom these i n i t i a l  two tankers  was used f o r  t he  

On-s i te  ad jus tments  by  G&W personnel  combined w i t h  inc reased f u e l  

CWS ATOMIZER DEVELOPMENT 

The development o f  an a tomize r  f o r  CWS was e s s e n t i a l  t o  the  developmental success o f  the  
C-E/EPRI  CWS burner .  The purpose o f  t h e  a tomize r  i s  t o  f ragment t h e  CWS f u e l  stream 
i n t o  r e a d i l y  combust ib le  d r o p l e t s .  
d r o p l e t s  i s  a f u n c t i o n  o f  bo th  t h e  a t o m i z e r ' s  des ign  and t h e  b u r n e r ' s  near -s t ream 
aerodynamics, and d i r e c t l y  a f f e c t s  b u r n e r  performance i n  terms o f  f lame leng th ,  
s t a b i l i t y  and carbon burnout .  

I n  the  course  o f  development, c a r e f u l  c o n s i d e r a t i o n  was g i ven  t o  bo th  t h e  CWS a tomizer 's  
gener ic  des ign  as w e l l  as i t s  s p e c i f i c  geomet r ic  dimensions. O f  gener i c  a tomize r  
designs reviewed by C-E, t h e  " Y "  j e t  c o n f i g u r a t i o n  (F igu re  7 )  appeared t o  have t h e  
g rea tes t  p o t e n t i a l  f o r  success w i t h  CWS. Two p r o p e r t i e s  o f  CWS were i d e n t i f i e d  as 
p o t e n t i a l l y  p rob lemat i c  t o  e f f e c t i v e  a tomiza t i on .  
h i g h  v i s c o s i t y  ( F i g u r e  4) .  
(superheated steam o r  compressed a i r )  t o  i n i t i a t e  f u e l  s t ream breakup th rough h i g h  shear 
t u r b u l e n t  m i x i n g  o f  t h e  a tomiz ing  media and f u e l  streams. Th is  " Y "  j e t  a tom iza t i on  
p r i n c i p l e  has been shown(4) t o  be e f f e c t i v e  f o r  t h e  a tomiza t i on  o f  v iscous  f u e l s  and 
thus  would be p o t e n t i a l l y  success fu l  w i t h  CNS. 
des ign ' s  s imp le  geometry,wi th no t o r t u o u s  paths,  i t  perm i t s  f a b r i c a t i o n  w i t h  e ros ion  
r e s i s t a n t  m a t e r i a l s  ( F i g u r e  8) .  

Combustion Eng ineer ing  has e x t e n s i v e  exper ience i n  " Y "  j e t  a tomizer  des ign  and has 
developed a computer des ign  code and a f u l l  sca le  A tomiza t i on  Tes t  F a c i l i t y  (ATF) t o  
a s s i s t  i n  " Y "  j e t  a tom ize r  des ign  development.  These were u t i l i z e d  i n  a t h r e e  s tep  
approach which r e s u l t e d  i n  t h e  success fu l  development o f  a CWS atomizer .  
we r e  : 

1. Theore t i ca l  i d e n t i f i c a t i o n  o f  c r i t i c a l  a tom ize r  geomet r ic  dimensions based on f u e l  

2. 

The s i ze ,  v e l o c i t y  and t r a j e c t o r y  o f  these f u e l  

These were i t s  e r o s i v e  n a t u r e  and 
"Y" j e t  t y p e  a tomizers  u t i l i z e  p ressu r i zed  a tomiz ing  media 

Secondly,  because o f  t h e  a tomize r  

These s teps  

p r o p e r t i e s  and a tomiz ing  media cons ide ra t i ons .  

P re l im ina ry  ATF t e s t i n g  and per fo rmance o p t i m i z a t i o n  o f  t he  t h e o r e t i c a l  a tomizer  
design. 

D e t a i l e d  ATF performance c h a r a c t e r i z a t i o n  o f  an optimum atomizer  des ign  ove r  a 
m a t r i x  o f  ope ra t i on .  

3 .  

ATOMIZER TEST FACILITY 

C-E's A tomizer  Tes t  F a c i l i t y  (ATF) i s  designed t o  q u a n t i t a t i v e l y  c h a r a c t e r i z e  t h e  
a tomiza t i on  q u a l i t y  of f u l l  sca le  (10 gpm) bu rne r  a tomizers .  
con f i gu red  t o  o b t a i n  d r o p l e t  s i z e  d i s t r i b u t i o n  and d r o p l e t  b a l l i s t i c s  ( v e l o c i t y  and 
t r a j e c t o r y )  i n f o r m a t i o n  f rom f u e l  sprays .  

The f a c i l i t y  opera tes  i n  a c o l d  f l o w  (non-combust ion) mode and has p r o v i s i o n s  f o r  
s tudy ing  b o t h  convent iona l  l i q u i d  and s l u r r y  f u e l s .  

The f a c i l i t y  i s  un ique ly  

P rov i s ions  f o r  s l u r r y  f u e l s  i nc lude  
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a 700 g a l l o n  t r a n s p o r t a b l e  f u e l  tank  f o r  s t o r i n g  and h e a t i n g  f u e l s  p r i o r  t o  ATF t e s t i n g .  
The tank  i s  equipped w i t h  a m ixe r  and r e c i r c u l a t i o n  system t o  m in im ize  p o t e n t i a l  s l u r r y  
s o l  i d s  s t r a t i f i c a t i o n .  

A schematic o f  t he  A tomiza t i on  Tes t  F a c i l i t y  i s  shown i n  F i g u r e  9. The ac tua l  f a c i l i t y  

Tes t  a tomizers  a re  c e n t r a l l y  l o c a t e d  i n  t h e  spray  chamber and spray  v e r t i c a l l y  down, 
thus  m in im iz ing  t h e  e f f e c t  o f  g r a v i t y  i n  a tomiza t i on  d r o p l e t  b a l l i s t i c s  measurements. 
Also,  a cons tan t  v e l o c i t y  p r o f i l e  (10 f t / s e c )  a i r f l o w  passes by  t h e  a tomize r  d u r i n g  
t e s t i n g  t o  p revent  p o t e n t i a l  d r o p l e t  r e c i r c u l a t i o n  which would o the rw ise  b i a s  d r o p l e t  
t r a j e c t o r y  i n fo rma t ion .  
t he  atomized sprays. 
as  shown. 
demisted and exhausted f rom t h e  f a c i l i t y .  
o r  d i sposa l .  

7 

\ i s  presented i n  Photo 3. 

Large  windows i n  t h e  spray  chamber p e r m i t  o p t i c a l  access across  
O p t i c a l  spray  d i a g n o s t i c  equipment i s  l o c a t e d  on t h e  two benches 

Once da ta  i s  ob ta ined  f rom t h e  spray,  t h e  f u e l  d r o p l e t - l a d e n  a i r  f l o w  i s  
The c o l l e c t e d  f u e l  i s  t hen  removed f o r  reuse 

OPTICAL DIAGNOSTIC TECHNIQUES 

TWO op t i ca l l y -based  techn iques  a re  u t i l i z e d  by C-E i n  t h e  ATF t o  q u a n t i f y  spray  q u a l i t y .  
A l a s e r  d i f f r a c t i o n  techn ique i s  used t o  de termine t h e  spray  d r o p l e t  s i z e  d i s t r i b u t i o n  
and a h i g h  speed double spark photograph ic  techn ique i s  u t i l i z e d  t o  d e f i n e  d r o p l e t  
v e l o c i t y  and t r a j e c t o r y .  

The l a s e r  d i f f r a c t i o n  techn ique i s  based on t h e  Fraunhofer  d i f f r a c t i o n  o f  a p a r a l l e l  
beam o f  mono-chromatic l i g h t  b y  moving o f  s t a t i o n a r y  d r o p l e t s  o r  p a r t i c l e s ( 5 ) .  A 
F o u r i e r  Transform l e n s  y i e l d s  a s t a t i o n a r y  l i g h t  p a t t e r n  f rom t h e  l i g h t  d i f f r a c t e d  by 
the  p a r t i c l e s .  A mu l t i - e lemen t  p h o t o - e l e c t r i c  d e t e c t o r  l o c a t e d  a t  t h e  f o c a l  p lane  o f  
t he  F o u r i e r  Transform l e n s  produces an e l e c t r i c a l  s i g n a l  analogous t o  t h e  d i f f r a c t e d  
l i g h t .  
Rosin-Rammler model wh ich  con t inuous ly  mod i f i es  the  mean d iamete r  and exponent 
parameters u n t i l  a b e s t  f i t  i s  ob ta ined (5 ) .  
percentage number d e n s i t y  a r e  then c a l c u l a t e d  f rom t h e  bes t  f i t  model. 

F igu re  10 shows a schematic o f  t he  l a s e r  d i f f r a c t i o n  apparatus.  The l a s e r  i s  t he  
monochromatic l i g h t  t ransmiss ion  source and t h e  d i f f r a c t e d  1 i g h t  i s  rece ived  and 
analyzed by a F o u r i e r  Trans form lens ,  a p h o t o e l e c t r i c  d e t e c t o r ,  and a mini-computer.  
Note, t h e  o p t i c a l  probe inc luded  i n  t h e  schematic i s  used t o  a l l e v i a t e  measurement 
e r r o r s  i n  dense f u e l  sprays.  

The o p t i c a l  arrangement f o r  t h e  h i g h  speed double spark pho tog raph ic  techn ique i s  
dep ic ted  schemat i ca l l y  i n  F i g u r e  11. 
s i d e  o f  t he  f a c i l i t y .  
f l a s h  o f  l i g h t .  
l e n s  system and i n t o  a camera l e n s  l o c a t e d  on t h e  oppos i te  s i d e  o f  t h e  f a c i l i t y .  
camera l e n s  i s  focused on a s p e c i f i e d  p lane  w i t h i n  the  spray  f i e l d  ( o b j e c t  p lane ) .  
S i l h o u e t t e  images o f  t h e  d r o p l e t s  l o c a t e d  i n  t h e  camera's o b j e c t  p lane  and f i e l d  o f  v iew 
a re  recorded on f i l m .  

The two f l ashes  produce a doub le  exposure s i l h o u e t t e  photograph o f  t h e  d r o p l e t s .  
Accura te  d r o p l e t  v e l o c i t y  i n f o r m a t i o n  i s  t hen  ob ta ined  by measur ing t h e  d i s t a n c e  
t r a v e l e d  by an i n d i v i d u a l  d r o p l e t  between exposures w i t h  knowledge o f  t h e  t i m e  i n t e r v a l  
between f l ashes .  
o f  t r a v e l  f o r  i n d i v i d u a l  d r o p l e t s .  

A mini-computer compares t h i s  s i p a l  w i t h  t h e  d e r i v e d  s i g n a l  based on a 

Percentage we igh t  f r a c t i o n  and normal ized  

Two spark-gap l i g h t  sources  a re  l o c a t e d  on one 

These f l a s h e s  o f  l i g h t  a r e  d i r e c t e d  th rough t h e  a tomize r  spray  by a 
Each source produces one in tense ,  s h o r t  d u r a t i o n  (1  microsecond) 

The 

S i m i l a r l y ,  d r o p l e t  t r a j e c t o r y  i s  de termined by  obse rv ing  t h e  d i r e c t i o n  

INIT IAL CWS ATOMIZER D E S I G N  

The CWS atomizer  was designed i n  p a r t  by  t h e  a p p l i c a t i o n  o f  a computer code p r e v i o u s l y  
developed by C-E t o  p r e d i c t  "Y" j e t  a tom ize r  a t o m i z a t i o n  q u a l i t y  ( i n  terms of spray  
d r o p l e t  mass median d iameter )  w i t h  heavy f u e l  o i l s .  
a tom ize r  performance as a f u n c t i o n  o f  c r i t i c a l  f u e l  p r o p e r t i e s  and a tomiz ing  media 

T h i s  program code es t ima tes  
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c o n s t r a i n t s .  These inc lude ,  f u e l  v i s c o s i t y ,  a tom iz ing  media d e n s i t y ,  and a tomiz ing  
media t o  f u e l  mass f l o w .  C-E  u t i l i z e d  t h i s  code t o  p r e d i c t  CWS a tomiza t i on  q u a l i t y .  
The p r e d i c t i o n s ,  i n  c o n j u n c t i o n  w i t h  p ressu re  d rop  c a l c u l a t i o n s ,  f l u i d  momentum 
cons ide ra t i ons ,  and geomet r ic  c o r r e l a t i o n s  ob ta ined  i n  p rev ious  a tomize r  development 
e f fo r t s ,  r e s u l t e d  i n  t h e  i d e n t i f i c a t i o n  o f  s p e c i f i c  a tomize r  dimensions; these a re  shown 
i n  F igu re  7. The t a r g e t  CWS a t o m i z a t i o n  q u a l i t y  was t h a t  wh ich  i s  t y p i c a l  f o r  f i r i n g  
r e s i d u a l  f u e l  o i l  u s i n g  a " Y "  j e t  a tomizer .  Based on p rev ious  t e s t s  conducted i n  the  
ATF(6), a spray  mass median d iameter  o f  120 mic rons  o r  l e s s  i s  c h a r a c t e r i s t i c  o f  
e f f e c t i v e  r e s i d u a l  o i l  a tom iza t i on .  Note, t h a t  t h i s  d r o p l e t  d iameter  i s  s i g n i f i c a n t l y  
l a r g e r  than t h a t  o f  t h e  i n d i v i d u a l  coa l  p a r t i c l e s  o f  c o n v e n t i o n a l l y  ground coa l  f o r  P.C. 
f i r i n g .  

T h i s  phase o f  CWS a tomize r  des ign  a c t u a l l y  y i e l d e d  two d i s t i n c t l y  d i f f e r e n t  " Y "  j e t  
a tomizer  geomet r ies  w i t h  s i m i l a r  performance, g i v e n  i d e n t i c a l  f u e l  and a tomiz ing  media 
cond i t i ons .  

PRELIMINARY ATF TESTING 

P r e l i m i n a r y  ATF t e s t i n g  i n v o l v e d  a compara t ive  performance e v a l u a t i o n  o f  t h e  two " Y "  j e t  
a tomizer  geomet r ies  i d e n t i f i e d  d u r i n g  i n i t i a l  CWS a tomize r  development. The l a s e r  
d i f f r a c t i o n  system was u t i l i z e d  f o r  t h i s  e f f o r t .  Each a tomize r  nozz le  des ign  was tes ted  
a t  loo%, 50%, and 25% o f  maximum f i r i n g  r a t e  ove r  a w ide  range o f  a tomiz ing  media t o  
f u e l  mass f l o w  r a t i o s  (.06 < A/F < 1.1). Compressed a i r  was used as the  a tomiz ing  
media. Fo r  these t e s t s ,  CWT and F t o m i z a t i o n  a i r  were main ta ined a t  ambient temperature.  
Data ob ta ined  f rom these compara t ive  t e s t s  i s  p resented  in F igu res  12, 13, and 14. 

A t  100% l o a d ,  nozz le  des ign  5A produced f i n e r  sprays  than  nozz le  58 a t  A/F r a t i o s  
g r e a t e r  t han  0.17. 
however, because i t  i s  a p a r a s i t i c  energy l o s s ,  and thus  n e g a t i v e l y  impacts b o i l e r  
economics. Nozzle des ign  5B c o n s i s t a n t l y  produced a f i n e r  spray  than  des ign  5A a t  mc? 
favo rab le  A / F  r a t i o s  o f  0.17 and below. 

A t  bo th  50% and 25% load, n o z z l e  des ign  58 produced e q u i v a l e n t  o r  f i n e r  CWS sprays  than 
nozz le  des ign  5A a t  g i ven  A/F r a t i o  s e t t i n g s .  
was chosen f o r  f u r t h e r  d e t a i l e d  a t o m i z a t i o n  q u a l i t y  o p t i m i z a t i o n  and c h a r a c t e r i z a t i o n .  

Opera t ion  w i t h  such h i g h  a tomiz ing  media consumption i s  undes i rab le ,  

Based on these t e s t s ,  nozz le  des ign  5B 

DETAILED CWS ATOMIZER TESTING 

D e t a i l e d  pa ramet r i c  t e s t i n g  o f  t h e  optimum a tomize r  (des ign  58) p rov ided  i n s i g h t  i n t o  
t h e  key o p e r a t i n g  parameters wh ich  i n f l u e n c e  a tomize r  performance. 
i nc luded  : f 

Parameters s tud ied  

Atomiz ing  media t o  f u e l  mass f l o w  r a t i o  
Fuel mass f l o w  r a t e  
Fuel tempera ture  
Atomiz ing  media tempera ture  

Atomiz ing  Media t o  Fuel  (A /F)  Mass Flow R a t i o  

The r a t i o  o f  a tomiz ing  media t o  f u e l  mass f l o w  was found t o  have a s i g n i f i c a n t  e f f e c t  on 
t h e  performance o f  t h e  CWS a tomize r .  
i n d i c a t e s  t h a t  above an A/F r a t i o  o f  0.17, t h e  spray  mass median d iameter  remains 
cons tan t .  
0.17 and 0.06, and r a p i d l y  degraded below an A/F r a t i o  o f  0.06. S i m i l a r  t rends  were 
no ted  a t  50% and 25% load. 

The spray d r o p l e t  s i z e  d i s t r i b u t i o n  ob ta ined  on CWS a t  f u l l  l o a d  was s i m i l a r  t o  t h a t  
ob ta ined  th rough  p rev ious  t e s t i n g  o f  " Y "  j e t  a tomizers  sp ray ing  f u e l  o i l .  The optimum 
range of A/F r a t i o s  f o r  t h e  CWS a tomize r  appeared t o  be between .08 and .14, which a re  
a l s o  t y p i c a l  o f  those r e q u i r e d  f o r  f u e l  o i l  a tom iza t i on .  

Data d e p i c t e d  i n  F i g u r e  15, t aken  a t  100% load,  

A g radua l  deg rada t ion  i n  a tomize r  performance occu r red  between A/F r a t i o s  of 
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Ef fec t  of  S l u r r y  Temperature 

The e f fec t  o f  CWS temperature on a tomiza t i on  q u a l i t y  i s  p resented  i n  F i g u r e  16. 
A tomiz ing  a i r  temperature was h e l d  cons tan t  a t  95°F d u r i n g  these t e s t s .  CWS was t e s t e d  
a t  95°F (ambient temperature) and a t  150°F over  a range o f  a tomiz ing  media t o  f u e l  mass 
f l o w  r a t i o s .  

The da ta  i n d i c a t e s  t h a t  a s l i g h t  decrease i n  spray  mass median d iameter  (MMD) o f  
approx imate ly  10% occur red  when the  p a r t i c u l a r  CWS t e s t e d  was preheated  p r i o r  t o  
a tomiza t ion .  
v i s c o s i t y  a t  e leva ted  temperature.  

The s l i g h t  decrease i n  MMD d i d  n o t  appear t o  p r o v i d e  s u f f i c i e n t  j u s t i f i c a t i o n  f o r  
p rehea t ing  the  f u e l  i n  t h e  combust ion phase o f  t he  t e s t i n g .  

The r e d u c t i o n  i n  MMD c o u l d  p o s s i b l y  be a t t r i b u t e d  t o  a r e d u c t i o n  i n  f u e l  

I 
E f f e c t  o f  A tomiz ing  A i r  Temperature 

The e f f e c t  o f  a tomiz ing  a i r  temperature on a tomiza t i on  q u a l i t y  i s  p resented  i n  F igu re  
17. 

The da ta  i n d i c a t e s  t h a t  a r e d u c t i o n  i n  MMD, o f  approx imate ly  lo%, can occur  by 
p rehea t ing  the  a tomiz ing  a i r .  Again,  however, t h i s  r e d u c t i o n  would n o t  appear t o  be 
s i g n i f i c a n t  enough t o  war ran t  p rehea t ing  t h e  a tomiz ing  a i r .  

E f f e c t  o f  S l u r r y  and A i r  Temperature 

The combined e f f e c t  o f  bo th  e leva ted  CWS and a i r  tempera ture  on a tomiza t i on  q u a l i t y  i s  
shown i n  F igu re  18. 
produced a f i n e r  spray  y e t  than e i t h e r  f l u i d  heated i n d i v i d u a l l y .  

T h i s  i n f o r m a t i o n  would be u s e f u l  shou ld  a p a r t i c u l a r  bu rne r /a tomize r  combina t ion  prove 
t o  per fo rm m a r g i n a l l y  on a s p e c i f i c  CWS. 
d r o p l e t  s i z e  d i s t r i b u t i o n  down t o  w i t h i n  a range capable o f  improv ing  combust ion 
performance. 
inc reased c a p i t a l  equipment cos ts  and energy cos ts  i n c u r r e d  when p rehea t ing  these 
f l u i d s .  

O v e r a l l ,  t he  performance o f  t h e  developed CWS a tomizer ,  w i t h  ambient CWS and a i r  
temperature,  was q u i t e  s i m i l a r  t o  convent iona l  C-E  " Y "  j e t  a tom ize r  performance and f u e l  
o i l .  For  t h i s  reason, f o r  t h e  combust ion e v a l u a t i o n  o f  CWS, f u e l  was supp l i ed  a t  
ambient temperature and a tomiza t i on  a i r  was n o t  heated beyond t h e  compressor 's nominal 
d e l i v e r y  temperature o f  160°F. 

D r o p l e t  B a l l i s t i c s  

D r o p l e t  v e l o c i t y  and t r a j e c t o r y  i n f o r m a t i o n ,  ob ta ined  th rough t h e  use o f  t h e  h i g h  speed 
double spark photograph ic  techn ique,  i n d i c a t e d  t h a t  CWS d r o p l e t  v e l o c i t i e s  were s i m i l a r  
t o  those ob ta ined f o r  convent iona l  f u e l  o i l s .  V e l o c i t i e s  ranged between 2 and 24 
meters/second, a t  an a x i a l  downstream d i s t a n c e  f rom t h e  a tomize r  o f  140 nozz le  
diameters.  
expanding j e t .  

CWS temperature was h e l d  cons tan t  a t  95°F d u r i n g  t h i s  s e r i e s  o f  t e s t s .  

I t  was concluded f rom ATF t e s t i n g  t h a t  h e a t i n g  bo th  s l u r r y  and a i r  

Preheat ing  bo th  f u e l  and a i r  may s h i f t  t he  

The improvement i n  performance would have t o  be eva lua ted  aga ins t  t h e  

D r o p l e t  t r a j e c t o r i e s  tended t o  f o l l o w  p r e d i c t a b l e  stream1 ines  o f  a f r e e l y  

D r o p l e t  v e l o c i t y  i s  a s t rong  dependent f u n c t i o n  o f  d r o p l e t  d iameter  f o r  bo th  o i l  and 
cws. 
S ince  t h e  v e l o c i t i e s  ob ta ined  f o r  bo th  o i l  and CWS were s i m i l a r ,  no d r o p l e t  b a l l i s t i c s  
r e l a t e d  changes i n  bu rne r  aerodynamic des ign  appeared necessary.  
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BURNER REGISTER DEVELOPMENT - COLD FLOW MODELING 

A f u l l - s c a l e  model o f  t h e  proposed bu rne r  r e g i s t e r  was f a b r i c a t e d  and f l o w  model t es ted  
under i so the rma l  c o n d i t i o n s .  
r e g i s t e r  des ign  e x h i b i t e d  s a t i s f a c t o r y  aerodynamic c h a r a c t e r i s t i c s  ove r  t h e  f u l l  range 
o f  a i r  f l o w s  expected t o  be used d u r i n g  combust ion opera t i on .  An impor tan t  and 
necessary aerodynamic c h a r a c t e r i s t i c  f o r  good f l ame s t a b i l i t y  i s  t h e  ex i s tence  o f  a 
s t rong  w e l l  developed r e c i r c u l a t i o n  zone a t  t h e  bu rne r  t h r o a t .  I n  t h e  C-E CWS burner,  
t h e  r e c i r c u l a t i o n  zone i s  e s t a b l i s h e d  th rough combust ion a i r  s w i r l  and a d i ve rgen t  
burner  t h r o a t .  These a r e  w e l l  known methods o f  i nduc ing  a r e c i r c u l a t i n g  f l o w  and have 
been used commerc ia l l y  f o r  some t ime(8 ,9) .  

Flow v i s u a l i z a t i o n  techn iques  were employed by C-E and conf i rmed t h e  CWS r e g i s t e r  
des ign ' s  s a t i s f a c t o r y  aerodynamics over a range o f  s imu la ted  opera t i on .  F igu re  19 
shows, schemat i ca l l y ,  t he  model used and t h e  observed r e c i r c u l a t i o n  zone boundary. 

The purpose o f  t h i s  work was t o  c o n f i r m  t h a t  t he  

BURNER DESCRIPTION 

The C-E coa l -wa te r  s l u r r y  bu rne r  i s  a s w i r l  s t a b i l i z e d  u n i t  con f i gu red  f o r  t a n g e n t i a l  
f i r i n g  and i s  shown s c h e m a t i c a l l y  i n  F i g u r e  20. 
w a l l  f i r i n g  w i t h  s u i t a b l e  m o d i f i c a t i o n s .  The p r i n c i p l e  elements o f  t h e  bu rne r  system 
are :  a r e f r a c t o r y - l i n e d  d i v e r g e n t  t h r o a t ,  a combust ion a i r  s w i r l e r  th rough which a 
p o r t i o n  o f  t h e  combust ion a i r  i s  passed, a u x i l i a r y  a i r  nozz les ,  above and below the  
burner ,  th rough wh ich  t h e  ba lance of  t he  combust ion a i r  i s  duc ted  (unsw i r l ed ) ,  and a 
s l u r r y  gun w i t h  an a tomizer .  

The purpose o f  t he  r e f r a c t o r y - l i n e d  d i v e r g e n t  t h r o a t  i s  t o  i nc rease  t h e  mass 
r e c i r c u l a t i o n  r a t i o  and t h e r e f o r e  t o  s t a b i l i z e  t h e  f l ame b o t h  aerodynamica l l y  and 
the rma l l y .  
combust ion e f f i c i e n c y .  The a t o m i z e r ' s  p r o d u c t i o n  o f  r e l a t i v e l y  f i n e  CWS d r o p l e t s  
combined w i t h  t h e  o v e r a l l  b u r n e r  aerodynamics has y i e l d e d  acceptab le  s t a b i l i t y ,  over a 
t o  1 load  turndown range. 
demonstrated w i t h  t h i s  bu r t i e r /a tomize r  combina t ion .  P r e l i m i n a r y  da ta  documenting t h i s  
performance w i l l  be covered i n  t h e  f o l l o w i n g  sec t i on .  

COMBUSTION TESTING 

The combustion performance o f  t h e  CWS burner  was op t im ized  and e x t e n s i v e l y  eva lua ted  a t  
a commercial l o a d  wh ich  ranged f rom 20 t o  80 MMBTU/hr. These t e s t s  were conducted i n  
C-E's F u l l  Sca le  Burner  F a c i l i t y  (FSBF).  
p a r a m e t r i c a l l y  i n v e s t i g a t e d  on bo th  CWS and pa ren t  coa l  so t h a t  a mean ing fu l  combustion 
e v a l u a t i o n  o f  CWS c o u l d  be made v i a  comparison t o  a known re fe rence  f u e l .  
c o n d i t i o n  ma t r i ces  f o r  each f u e l  (shown i n  Tab les  3 and 4 )  were designed t o  p a r a l l e l  one 
another  so t h a t  d i r e c t  t e s t - b y - t e s t  comparisons c o u l d  be made. 
f i r i n g  r a t e ,  excess a i r  l e v e l ,  combust ion a i r  p reheat  temperatures,  and a l so ,  f o r  CWS, 
a tom iza t i on  a i r / f u e l  mass r a t i o .  
cond i t i ons ,  o f  numerous independent parameters.  
NO , SO , and 0 ) ,  hea t  f l u x  p r o f i l e ,  c a l c u l a t e d  combust ion e f f i c i e n c y ,  f lame q u a l i t y ,  
f u g l  flgwrate/t~mperature/pressure, combust ion a i r  fl owrates/temperatures/pressures, 
a tomiza t i on  media flowrate/temperature/pressure, and a t  se lec ted  t e s t  p o i n t s  i n -s tack  
f l y -ash  sampl ing,  which i n c l u d e d  dus t  load ing ,  carbon con ten t ,  p a r t i c l e  s i z e  d i s t r i -  
b u t i o n  and i n - s i t u  r e s i s t i v i t y .  

P r i o r  t o  conduct ing  these d e t a i l e d  combust ion t e s t s ,  p r e m a t r i x  and shakedown t e s t s  were 
performed t o  q u a l i t a t i v e l y  d e f i n e  b u r n e r  performance and t o  e s t a b l i s h  t h e  probab le  
ranges o f  o p e r a b i l i t y .  
combust ion a i r f l o w  d i s t r i b u t i o n  adjustments.  
was then i n i t i a t e d  once these p r e l i m i n a r y  t e s t s  i n d i c a t e d  acceptab le  bu rne r  performance 
on cws. 

The bas i c  bu rne r  des ign  i s  adaptable t o  

The s w i r l e d  combust ion a i r  s t a b i l i z e s  t h e  f lame and c o n t r i b u t e s  t o  h igh  

Acceptab le  combust ion e f f i c i e n c i e s  have a l s o  been 

The b u r n e r ' s  combust ion performance was 

Tes t  

Tes t  v a r i a b l e s  were; 

Data  were ob ta ined,  depending on s p e c i f i c  t e s t  
These were gaseous emiss ions  (CO, C02, 

D u r i n g  these t e s t s  bu rne r  performance was op t im ized  th rough 
D e t a i l e d  pa ramet r i c  performance t e s t i n g  
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As s t a t e d  p rev ious l y ,  t h i s  paper i s  a p rogress  r e p o r t  on C-E's CWS b u r n e r  development 
program w i t h  E P R I .  

cons idered p re l im ina ry .  

As of t h e  da te  o f  w r i t i n g  (November 1982) combust ion t e s t i n g  i s  
; complete, b u t  d e t a i l e d  da ta  a n a l y s i s  i s  s t i l l  i n  p rogress .  The data p resented  must be 

( CWS Combustion T e s t i n q  

Observed CWS f lame s t a b i l i t y  and appearance ;as accep tab le  ove r  the  range o f  bu rne r  
ope ra t i on  tes ted .  
burner .  
severa l  i tems war ran t  ment ion.  
p r e v i o u s l y  discussed, f u e l  q u a l i t y  v a r i e d  apprec iab l y  f rom t e s t  t o  t e s t .  
v a r i e d  f rom 67.1 t o  70.0%. 
t o  t h i s ,  a l though da ta  p resented  he re  was w e l l  w i t h i n  measurement con f idence  l i m i t s .  

Secondly, t he  CWS was i g n i t e d  s a t i s f a c t o r i l y  i n  a co ld ,  unheated t e s t  f u rnace  u s i n g  the  
f a c i l i t y ' s  s tandard  5 MMBTU/hr n a t u r a l  gas s i d e  p i l o t  i g n i t o r .  
unusual  requ i rement  i d e n t i f i e d  f o r  i g n i t i o n .  
( w i t h  wa te r )  t he  a tomizer  and s l u r r y  gun p r i o r  t o  CWS i n t r o d u c t i o n  t o  p reven t  t h e  
a b s o r p t i o n  o f  a smal l  b u t  apparen t l y  c r i t i c a l  amount o f  t h e  s l u r r y ' s  wa te r  component. 
T h i s  was accompl ished by i n c l u s i o n  o f  a wa te r  supp ly  l i n e  t o  t h e  f u e l  p i p i n g  a t  t h e  
s l u r r y  gun. 
nozz le  pluggage d u r i n g  i g n i t i o n .  

The i g n i t i o n  procedure was as f o l l o w s .  F i r s t ,  a 5 MMBTU/hr n a t u r a l  gas s i d e  p i l o t  
i g n i t o r  was turned-on. Second, a smal l  amount o f  wa te r  was passed th rough  t h e  s l u r r y  
gun and atomizer.  
compressed a tomiza t i on  a i r  were turned-on, r e s u l t i n g  i n  s a t i s f a c t o r y  CWS i g n i t i o n .  
s i d e  p i l o t  was no rma l l y  s h u t - o f f  a f t e r  about f i f t e e n  minu tes  o f  ope ra t i on .  
bu rne r  f i r i n g  r a t e  f o r  l i g h t - o f f  was 25 MMBTU/hr and combust ion a i r  p rehea t  o f  250°F was 
u t i l i z e d .  
a n d  unpreheated s t a t e .  
r e f r a c t o r y  b lanke t  t o  s imu la te  normal f u rnace  heat  l osses  and hence a c t u a l  f u rnace  
o u t l e t  temperature,  t h e  fu rnace  w a l l  tempera ture  may have r i s e n  a t  a somewhat h i g h e r  
r a t e  than would be seen i n  an ac tua l  c lean  c o l d  b o i l e r .  
i s  r e q u i r e d  t o  be on f o r  a f i e l d  a p p l i c a t i o n  may be somewhat l onger  than  t h e  p e r i o d  
d iscussed here.  

L a s t l y ,  a l l  t e s t s  were conducted w i t h  t h e  70" spray  angle,  t ungs ten  ca rb ide  sleeved, 
"Y " - j e t  a tomizer  desc r ibed  under  a tomize r  development. 
100,000 l b s  o f  s l u r r y  th roughput  were logged on t h i s  a tomizer .  
d iameters  were p r e c i s i o n  measured b e f o r e  and a f t e r  t e s t i n g  and i n d i c a t e d  no measurable 
wear i n  t h e  c r i t i c a l  zones p r o t e c t e d  by  t h e  tungs ten  c a r b i d e  sleeve. By comparison a 
carbon s t e e l  a tomizer  was used f o r  p remat r i x  t e s t i n g ,  and w h i l e  no mean ing fu l  e r o s i o n  
r a t e  da ta  cou ld  be ob ta ined  because o f  t h e  i n t e r m i t t e n t  and v a r i a b l e  ope ra t i on ,  s i g n i f i -  
c a n t l y  g r e a t e r  wear was no ted  i n  t h i s  a tomize r  ove r  a much s h o r t e r  p e r i o d  ( i . e .  4 hours 
and 25,000 l b s .  o f  s l u r r y ) .  

I n  genera l  t h e  f lame was a t tached"  o r  n e a r l y  "a t tached"  t o  t h e  
NO major  bu rne r  o p e r a b i l i t y  problems were no ted  d u r i n g  t e s t i n g ,  a l t hough  

Because o f  t h e  CWS s to rage  tank  s e t t l i n g  problems 

Some degree o f  combust ion da ta  s c a t t e r  may be a t t r i b u t a b l e  
S o l i d s  con ten t  

There was o n l y  one 
T h i s  was t h e  n e c e s s i t y  o f  "p rewe t t i ng "  

I 

F a i l u r e  t o  f o l l o w  t h i s  procedure s i g n i f i c a n t l y  inc reased t h e  p o t e n t i a l  f o r  

Next, t he  water  was t u r n e d - o f f  and s imu l taneous ly  t h e  CWS and 
The 

Nominal 

Note, i g n i t i o n  was c o n s i s t e n t l y  ach ieved i n  t h e  t e s t  f u rnace  w h i l e  i n  a c o l d  
However, because t h e  fu rnace  was l i n e d  w i t h  a t h i n  l a y e r  o f  

Thus t h e  t i m e  t h a t  t h e  i g n i t o r  

Approx imate ly  20 hours  and 
The a tomize r  p o r t  

Parent  Coal Combustion Tes ts  

7 parent  coa l  combust ion t e s t s  were conducted t o  p r o v i d e  b a s e l i n e  da ta  t o  which t h e  CWS 
combust ion da ta  c o u l d  be compared. 
t o  a nominal  s i z e  d i s t r i b u t i o n  o f  70%-200 mesh wh ich  i s  s tandard  f o r  use as a b o i l e r  
f ue l  f i r i n g  p u l v e r i z e d  coa l .  

Parent  coa l  f u e l  i n j e c t i o n  modeled t h a t  o f  CWS so,, that  mean ing fu l  f u e l  performance 
comparisons cou ld  be made. Coal was supp l i ed  i n  dense phase" th rough a 1" ID f u e l  
admiss ion  p o r t  t o  t h e  cen te r  of a 70" d i f f u s e r  cone. I n  t h i s  way t h e  pa ren t  coa l  was 
"sprayed" i n t o  the  fu rnace  a t  t h e  same 70" ang le  as t h a t  o f  atomized CWS. 
same combust ion a i r  r e g i s t e r  was used f o r  b o t h  t h e  p a r e n t  coa l  and CWS t e s t s .  

The pa ren t  coa l  was ground, f o r  combust ion t e s t i n g ,  

Note t h a t  t h e  
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Coal was supp l i ed  i n  dense phase w i t h  a C-E developed coa l  pumping, s to rage and supply 

t r a n s p o r t  a i r  t o  f u e l  mass f l o w  r a t i o s  i n  t h e  range o f  9 t o  26. The parent  coa l  was 
pneumat i ca l l y  conveyed f rom a 30 t o n  s to rage s i l o  th rough an l a "  ID  hose t o  t h e  FSBF 
f i r i n g  f r o n t .  

Q u a l i t a t i v e l y ,  t h e  combust ion performance o f  t h e  p a r e n t  coa l  was e x c e l l e n t .  
f lame s t a b i l i t y  and appearance was s i m i l a r ,  b u t  s l i g h t l y  b e t t e r  t han  t h a t  no ted  
p r e v i o u s l y  f o r  CWS o v e r  t h e  sa;e range o f  ope ra t i on .  
b r i g h t  f lame which was always 

Parent coa l  was r e a d i l y  i g n i t a b l e  i n  a co ld ,  unpreheated t e s t  fu rnace us ing  the  
f a c i l i t y ' s  5 MMBTU/hr n a t u r a l  gas s i d e  p i l o t  i g n i t o r .  Once t h e  pa ren t  coa l  was i g n i t e d  
i n  a c o l d  fu rnace,  t h e  s i d e  p i l o t  c o u l d  be t u r n e d - o f f  between one and f i v e  minu tes  w i t h  
ma in ta ined f lame q u a l i t y  and bu rne r  s t a b i l i t y .  F o r  CWS i g n i t i o n ,  15 t o  20 minu tes  were 
r e q u i r e d  be fo re  t h e  s i d e  p i l o t  c o u l d  be t u r n e d - o f f .  
t h a t  a s i m i l a r  t ype  o f  dense-phase coa l  burner  c o u l d  be dependably i g n i t e d  w i t h  an 
e l e c t r i c  a r c  d ischarge w i t h i n  30 seconds w i t h  no supplementary i g n i t i o n  o r  s t a b i l i z a t i o n  

A d i scuss ion  o f  t h e  compara t ive  combust ion performances o f  CWS and pa ren t  coa l  f o l l ows .  

I I 
I 
1 

s ys tem( l0 ) .  Th i s  system p e r m i t t e d  dense phase pu lve r i zed ,  pa ren t  c o a l ,  t r a n s p o r t  w i t h  

j Pressure  drop  across  t h e  t r a n s p o r t  l i n e  v a r i e d  f rom 6 t o  26 ps ig .  

Observed 

The pa ren t  coa l  burned w i t h  a 
a t tached"  t o  t h e  burner .  

C-E has p r e v i o u s l y  demonstrated 

source, such as t h e  s i d e  p i l o t .  1 

Combustion Performance Comparison o f  CWS t o  Parent  Coal 

To r e i t e r a t e ,  bo th  CWS and pa ren t  c o a l  burned w i t h  b r i g h t ,  s tab le ,  "a t tached"  o r  n e a r l y  
"a t tached"  f lames ove r  t h e  bu rne r  l o a d  range tes ted .  
l o a d  was increased,  from 20 t o  80 MMBTU/hr, t he  a x i a l  f l ame  leng th  inc reased,  b u t  
s t a b i l i t y  and a t tachment  t o  t h e  b u r n e r  were main ta ined.  

F i g u r e  21  compares t h e  carbon convers ion  e f f i c i e n c y  o f  p a r e n t  coal  and CWS, as a 
f u n c t i o n  o f  excess a i r  l e v e l  a t  f u l l  l o a d  (80 MMBTU/hr). 
load, pa ren t  coa l  combusted w i t h  99 t% carbon convers ion  e f f i c i e n c i e s ,  and t h e  CWS 
combusted w i t h  e f f i c i e n c i e s  about  1% l e s s .  

Whi le  the  t rends  i n d i c a t e d  i n  t h i s  f i g u r e  a r e  t y p i c a l  o f  t hose  encountered a t  t h e  o t h e r  
l oads  tes ted ,  p r e l i m i n a r y  da ta  a n a l y s i s  i n d i c a t e s  d i f f e r e n c e s  i n  carbon convers ion  
e f f i c i e n c y  o f  as much as 4% between p a r e n t  coa l  and CWS e x i s t e d  a t  some t e s t  c o n d i t i o n s .  
Fo r  most t e s t  c o n d i t i o n s ,  however, carbon convers ion  e f f i c i e n c i e s  f o r  CWS were 
d im in i shed  no more than  1 t o  2 pe rcen t  below t h a t  o f  t h e  pa ren t  coa l .  

A comparison o f  carbon convers ion  e f f i c i e n c y  as a f u n c t i o n  o f  bu rne r  l oad ,  between CWS 
and pa ren t  coa l ,  a t  a cons tan t  30% excess a i r  l e v e l  i s  shown i n  F igu re  22. T h i s  f i g u r e  
r e i t e r a t e s  the  e f f i c i e n c i e s  no ted  i n  F i g u r e  21. Parent  coa l  was combusted w i t h  99+% 
carbon convers ion  e f f i c i e n c y  and aga in  t h e  CWS burned w i t h  approx imate ly  1% lower  
e f f i c i e n c y  over  t h e  l o a d  range presented .  
convers ion  e f f i c i e n c y  d i d  n o t  s i g n i f i c a n t l y  va ry  as a f u n c t i o n  o f  l o a d  (40  t o  80 
MMBTU/hr) a t  30 pe rcen t  excess a i r .  

F i g u r e  23 i l l u s t r a t e s  t h e  impor tance o f  good CWS a tomiza t i on  w i t h  regard  t o  carbon 
convers ion  e f f i c i e n c y .  
mass r a t i o  (A/F) was v a r i e d  about  an optimum va lue  o f  0 .11  ( i d e n t i f i e d  d u r i n g  c o l d  f l o w  
a t o m i z a t i o n  development). 
conve rs ion  e f f i c i e n c y  drops  o f f  r a p i d l y ,  w h i l e  o p e r a t i o n  a t  h ighe r  A/F r a t i o s  y i e l d s  no 
apparent  e f f i c i e n c y  change. 
r e s u l t s  (F igu re  15)  which i n d i c a t e d  r a p i d  i nc rease  i n  mean atomized d r o p l e t  s i z e  
( d i m i n i s h e d  a tomiza t i on  q u a l i t y )  as A/F decreases f rom optimum and no improvement i n  
a t o m i z a t i o n  q u a l i t y  as A/F i nc reased  f rom optimum. 

The r e s i s t i v i t y  va lues  o f  t h e  CWS and p a r e n t  coa l  f l y  ashes, measured i n - s i t u ,  a r e  g i ven  
i n  Tab le  5. 
e l e c t r o s t a t i c  p r e c i p i t a t i o n .  What i s  i m p o r t a n t  t o  no te  f rom Table 5 da ta  i s  t h e  l a c k  o f  

I t  was observed t h a t  as bu rne r  

It can be seen t h a t ,  a t  t h i s  

I' 

Note a l s o  t h a t  f o r  each f u e l ,  carbon 

A l l  o t h e r  c o n d i t i o n s  remain ing  t h e  same, a tomize r  a i r  t o  f u e l  

F i g u r e  23 i n d i c a t e s  t h a t  below t h i s  optimum va lue  carbon 

T h i s  phenomena i s  i n  agreement w i t h  c o l d  f l o w  a tomiza t i on  

These measurements i n d i c a t e  t h e  f l y  ashes apparent  c o l l e c t a b i l i t y  by 
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s i g n i f i c a n t  d i f f e r e n c e  between the  CWS and t h e  p a r e n t  coa l  f l y  ashes. 
t h a t ,  a t  l e a s t  f o r  t h i s  s p e c i f i c  case, t he  s l u r r y i n g  process had no s i g n i f i c a n t  e f f e c t  
upon f l y  ash r e s i s t i v i t y  ( i .e . ,  c o l l e c t a b i l i t y ) .  
a f u n c t i o n  o f  p a r t i c l e  s i ze .  
been analyzed, however, and a re  necessary b e f o r e  any f i n a l  s ta tements  can be made w i t h  
regard  t o  the  compar i t i ve  c o l l e c t a b i l i t i e s  o f  t he  CWS and pa ren t  c o a l  f l y  ashes. 

I n  conc lus ion ,  a l t hough  the  da ta  ob ta ined  i n d i c a t e s  s a t i s f a c t o r y  carbon convers ion  
e f f i c i e n c i e s  f o r  CWS, o t h e r  f a c t o r s  i n f l u e n c i n g  o v e r a l l  p l a n t  e f f i c i e n c y  must be 
cons idered i n  d i c t a t i n g  t h e  v i a b i l i t y  o f  convers ion  t o  CWS. 
energy p e n a l i t y  i s  i n c u r r e d  due t o  t h e  water  component i n  t h e  CWS. For  the  CWS t e s t e d  
(30% water by we igh t )  a l a t e n t  l o s s  o f  2.44 pe rcen t  thermal e f f i c i e n c y  would r e s u l t  w i t h  
s tack  gas e x i t  temperatures o f  212°F; h i g h e r  s tack  gas e x i t  tempera tures ,  r e q u i r e d  above 
s u l f u r - r e l a t e d  dewpoints,  would r e s u l t  i n  p r o p o r t i o n a l l y  h i g h e r  l a t e n t  thermal losses .  
Furthermore, based on C-E's exper ience i n  h a n d l i n g  f u e l s  on a l a r g e  l a b o r a t o r y  sca le ,  
coa l /water  s l u r r i e s  a re  l e s s  e f f i c i e n t  than o i l  f r om a p a r a s i t i c  power consumption 
s tandpo in t  f o r  s to rage,  t r a n s p o r t  and a tomiza t i on  (see Tab le  6) .  
o the rs  must be eva lua ted  i n  de te rm in ing  the  a p p l i c a b i l i t y  o f  a g i v e n  CWS convers ion .  

Th is  i m p l i e s  

F l y  ash c o l l e c t a b i l i t y  by ESP i s  a l s o  
Fly ash p a r t i c l e  s i z e  d i s t r i b u t i o n  r e s u l t s  have n o t  y e t  

1 
I' 

For  i ns tance ,  a l a t e n t  i 

These f a c t o r s  and 

SUMMARY 

A burner /a tomizer  combina t ion  has been developed by Combustion Eng ineer ing  which w i l l  
burn  CWS w i t h  s a t i s f a c t o r y  combust ion e f f i c i e n c y  ove r  a wide l o a d  range. Th is  f i r i n g  

1) Atomizer development and o p t i m i z a t i o n  us ing  an advanced C-E developed computer 
program and s t a t e - o f - t h e - a r t  spray  measurement techn iques ,  2 )  Co ld  f l o w  burner  mode l ing  
t o  op t im ize  t h e  bu rne r  r e g i s t e r ' s  aerodynamic f l o w  f i e l d ,  and 3 )  F u l l  sca le  combust ion 
m a t r i x  t e s t i n g  f i r i n g  coa l  wa te r  s l u r r y  and i t s  pa ren t  coa l  t o  c h a r a c t e r i z e  combustor 
performance and ga the r  emissions data.  

The p r e l i m i n a r y  r e s u l t s  o f  t h i s  p r o j e c t  show t h a t  t h e  developed a tomize r  e f f e c t i v e l y  
atomizes h i g h  v i s c o s i t y  CWS (up  t o  2800 CPS). 
a tomiz ing  media consumption r a t e s  were s i m i l a r  t o  those measured f o r  heavy f u e l  o i l .  
Spray d r o p l e t  s i z e  d i s t r i b u t o r s  were e q u i v a l e n t  t o  those o f  a p u l v e r i z e d  coa l  g r i n d  
( w i t h  30% i n h e r e n t  mo is tu re )  rang ing  between 115 and 150 mesh. 
s t i l l  s i g n i f i c a n t l y  l a r g e r  than  t h e  i n d i v i d u a l  coa l  p a r t i c l e s  i n  t h e  s l u r r y .  

Atomizer geometry was found t o  s i g n i f i c a n t l y  i n f l u e n c e  a t o m i z a t i o n  q u a l i t y .  
p rehea t ing  CWS p r i o r  t o  a tomiza t i on  ( t o  reduce v i s c o s i t y )  d i d  n o t  have a g r e a t  i n f l u e n c e  
and y i e l d e d  l i t t l e  improvement. 
l i m i t e d  value. 
a tomiz ing  a i r  temperature,  t h e  e l i m i n a t i o n  of  a i r  compressor i n t e r c o o l e r s  would b e n e f i t  
a tom iza t i on  a t  no a d d i t i o n a l  cos t .  
a i r  p r i o r  t o  a tomiza t i on  was found t o  be g r e a t e r  t han  e i t h e r  i n f l u e n c e  alone, however 
t h e  improvement i n  a tomiza t i on  q u a l i t y  d i d  n o t  seen s i g n i f i c a n t  enough t o  meret t h e  
a d d i t i o n a l  energy p e n a l i t y .  Fo r  combust ion t e s t i n g ,  CWS was n o t  heated and a tomize r  a i r  
was n o t  heated beyond t h e  compressor 's d e l i v e r y  temperature.  

The p r e l i m i n a r y  combust ion t e s t i n g  r e s u l t s  i n d i c a t e  t h a t ,  w i t h  t h e  proper  combina t ion  of 
burner  and a tomize r  des ign ,  coa l -water  s l u r r y  can be s u c c e s s f u l l y  burned w i t h  carbon 
convers ion  e f f i c i e n c i e s  i n  t h e  range o f  96 t o  99+%. T h i s  compares w i t h  a c o n s i s t a n t  
99+% carbon convers ion  e f f i c i e n c y  f o r  t h e  base coa l  f i r e d  under s i m i l a r  cond i t i ons .  
A d d i t i o n a l  improvements i n  CWS combust ion e f f i c i e n c y  may be p o s s i b l e  th rough f u r t h e r  
f i r i n g  system development and re f inement .  

Th i s  p r o j e c t  has a l s o  s u c c e s s f u l l y  demonstrated t h a t  coa l -wa te r  s l u r r y  cou ld  be r e l i a b l y  
i g n i t e d  i n  a c o l d  furnace u s i n g  convent iona l  i g n i t o r s  and low  a i r  p rehea t  temperatures 
(250'F). 

A l though p r e l i m i n a r y  r e s u l t s  have demonstrated s a t i s f a c t o r y  CWS combust ion performance 
on a l a r g e  l a b o r a t o r y  sca le ,  t h e r e  a r e  severa l  o t h e r  b o i l e r - r e l a t e d  areas  which must be 

\ system was developed us ing  a t h r e e  s tep  approach t o  t h e  problem. These s teps  inc luded:  

Measured a t o m i z a t i o n  q u a l i t i e s  and 

Measured d r o p l e t s  were 

However, 

Preheat ing  t h e  a tomiz ing  a i r  a l s o  proved t o  be o f  
However, because a tomiza t i on  d i d  improve s l i g h t l y  w i t h  inc reased 

The combined e f f e c t s  o f  p rehea t ing  bo th  s l u r r y  and 
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addressed b e f o r e  CWS can become c o m e r c i a l l y  v i a b l e .  
b o i l e r  d e r a t i n g ,  as w e l l  as, d i f f e r e n t i a l  f u e l  c o s t s  and convers ion  cosfs must balance ou t  f a v o r a b l y  when compared t o  c o n t i n u i n g  o p e r a t i o n  on heavy o i l .  D e t a l l e d  d iscuss ion  
o f  these f a c t o r s  i s  beyond t h e  scope of t h i s  paper, b u t  w i l l  d i c t a t e  t h e  u l t i m a t e  
v i a b i l i t y  o f  CWS as a b o i l e r  f u e l .  

Furnace s lagg ing ,  f o u l i n g  and 
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Figure 2 
EPRl's HOMER CITY COAL CLEANING TEST FACILITY 
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Table 1 

Analysis of Parent Coal After Cleanin 
a t  EPRI's Homer City Coal Cleaning Test Fa!ility 

"AS RECEIVED" "MOISTURE FREE" 

PROXIMATE ANALYSIS, X 

Moisture 
V o l a t i l e  Matter 
Fixed Carbon 
Ash 

ULTIMATE ANALYSIS. X 

Moisture 
Carbon 
Hydrogen 
Nitrogen 
Sul fur  
Ash 
Oxygen (d i f f . )  

GROSS HEATING VALUE 

BTU/lb 

6.4 
37.6 
53.1 
2.9 

6.4 
74.5 

5.4 
1.5 

.9 
2.9 
0.4 

13,790 

Table 2 

40.1 
56.8 
3.1 

-- 
79.6 
5.8 
1.6 
.9 

3.1 
9.0 

14,730 

Coal-Uater Slurry Properties 
CE/AFT CUS Specification 

P a r t i c l e  Size 100% minus 100 Mesh 

v iscos i ty  l e s s  than 2800 Centipoise a t  113 sec-' and 
25OC (Haake Method) Newtonian o r  Pseudo P las t ic  
Behavior 

Greater than 30% by weight (dry) V o l a t i l e  Matter 

AFT Coal-Water Slurry Analysis 

Total Molsture, X 
Solids Content, X 

Proxlmate Analysis, X 

Moisture 
Vo la t i le  Matter 
Fixed Carbon 
Ash 

Ultimate Analysls, X 

Moisture 
Hydrogen 
Carbon 
Sul fur  
Nitrogen 
Oxygen ( d i f f . )  
Ash 

Gross Heatlng Value 

BTU/1 b 

31.0 
69.0 

"AS RECEIVED'' 

31.0 
27.1 
40.1 

1.8 

31.0 
3.8 

56.1 
.6 

1.1 
5.6 
1.8 

10,170 

"MOISTURE FREE" 

39.3 
58.1 
2.6 

5.5 
81.3 

.9 
1.6 
8.1 
2.6 

14.740 

I 
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Photo 2 

THE 15,000 GALLON STORAGE TANK 
TRANSFERRING COAL-WATER-SLURRY FROM TANKER TO 
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Figure 3 SIMPLIFIED PROCESS D I A G R A M  
FOR BENEFICIATIONlFUEL BLENDING 

WEIOOBELT DEVELOPED BY AFT 1-1 ,+loo YEEM (AGULFLWESTERNW.) 
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Figure 4 

T Y P I C A L  C O A L l W A T E R  S L U R R Y  

V I S C O S I T Y  v s  S H E A R  R A T E  
DATA SUPPLIED 8 V  AFT 
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SHEAR RATE, SEC-l  
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Figure 5 

ALTERNATE FUELS HANDLING AND FIRING SYSTEM SCHEMATIC 
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Figure 7 

C R I T I C A L  D I M E N S I O N S  "Y' JET ATOMIZER DESIGN 
CRO S S -SECTIONAL VIEW 
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Figure 13 
INFWENCE ff ATOMIZER CLOMLTRY ON 
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Figure 19 

C-EIEPRI CWS BURNER - COLD FLOW MODEL 
INDICATED FLAME PAl lERN FROM 
AERODYNAMICS OBSERVATIONS 

OB SERVED RECIRCULATION 
ZONE BOUNDARY 

Figure 20 

C-E COAL-WATER-SLURRY BURNER SCHEMATIC 

COMBUSTION 
F A I R  SWIRLER 

REFRACTORY-LINED 
BURNER THROAT\ 

I, 
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Figure 21 

a EXCESS AIR LNU AT m I u9 BTUIHR 

COMPARISONff CARBONCOWERSION mlClENCY ff 
P A E N l  COAL vs COAL-WATER-SLURW AS A IUm'ClION 

1 PRELIMINARY DATA I 

Figure 22 
COMPARISON OF CARBON CONVERSION EFFICIENCY OF 
PAREN1 COAL VI COAL-WATER-SWRRY AS A FUNCTION 

Of FIRING R A E  AT 3OS EXCESS AIR 

im- I I I I I I I 
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Figure 23 
CIRBCN CDNYZRSIDN DFICIENCY VI AlOhUZlNG W I A R A T I O  

FOR COAL-WAliR-SWRRY 
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Table 5 

FLY ASH RESISTIVITY MEASUREMENTS 

, FUEL - 

CUS 

CUS 

CUS 

Parent Coal 

Parent Coal 

Parent Coal 

Parent Coal 

LOA0 
( 106etu/hr) 

40 

60 

60 

40 

60 

60 

80 

EXCESS A I R  

30% 

30% 

30% 

30% 

30% 

30% 

30% 

COKiUSTION A I R  TEMPERATURE 

(OF) 

250 

250 

400 

250 

250 

400 

250 

FLY ASH RESIST IV ITY 
(OM-CM) 

1.8 x 108 

2 .1  x 108 

2.9 x 108 

2.0 x 108 

2.4 x 108 

3.1 x 10' 

3.0 x 10' 

Table 6 

FUEL SYSTEM POWER CONSUMPTION 

One Elevation 800 MMBTWHR Heat Input 
(BASED ON LARGE SCALE LABORATORY TESTING) 

Oil Coal-Oil Coal-Water 
(MMBTWHR) (MMBTWHR) ( M M B N / H R )  , 

STORAGE NONE 0.13 0.02 

TRANSPORT/FEED 1.71 2.24 2.24 

BURNER/ATOMIZER 4.40 5.00 4.60 

TOTAL 6.11 7.37 6.86 

- - - 

61 


